
INTRODUCT ION

Geology is a lens through which we can see the world around us
in a new dimension. Knowing the name of a wildflower makes it
our friend. Knowing that the bulbous black rock at Point Bonita
was formed in the deep sea and has traveled thousands of miles
across the Pacific, makes it part of us. So, too, understanding why
Red Rock is red, why Loma Prieta is high, why a bit of ocean floor
lies on top of Mount Diablo, enriches our connection to the
earth. This book is for the San Francisco Bay Area resident or vis-
itor who wants to explore the geologic landscape of the Bay Area,
who is curious about its shapes, colors, and rocky foundation.
“San Francisco Bay Region” is the more formal term for the nine
counties that touch San Francisco Bay. Informally, most residents
of the region refer to “the Bay Area.”In this book, the former term
is used for the title, the latter throughout the text.

I began my study of the geology of California and the Bay
Area 30 years ago and quickly came to appreciate their consider-
able geologic complexity.At that time, plate tectonics was still rel-
atively new and not universally accepted. In the past three de-
cades, both understanding and complexity have grown. Exciting
new interpretations continue to be put forth. That is one of the
marvelous things about geology—it is not static and never bor-
ing. It changes continually as new eyes look at the rocks, faults,
and hills, and new technologies increase our understanding of
what we see. If you first read about Bay Area geology 10 or 20
years ago, it is time to take a new look at the story of the processes
that created our present landscape, and the Bay Area’s geologic
history.

Keep in mind that geology is a dynamic science. Ongoing 
research leads to new concepts and interpretations. This process
is continual, and undoubtedly some of the material in this book
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will become out-of-date. I have attempted, of course, to be as ac-
curate and current as possible, but my colleagues will certainly
discover many new and exciting aspects of Bay Area geology in
the coming years. Remember also that geologists often differ
about interpretations of what they see. One of our favorite pas-
times is to stand at a rock outcrop and argue about what it means.
Do not treat anything in this book as gospel; consider it a work in
progress, like our understanding of the complex and fascinating
geology of the Bay Area.

What This Book Covers

This book considers the geologic underpinnings of the Bay Area
landscape and the processes that have shaped it. Most of us be-
come geologists because we love the out-of-doors and equally
love a good detective story. The mystery of how our landscape
formed compels us to poke around the far corners of the Bay
Area, exercising both body and mind, in order to observe the
many processes that created the landscape.

Rocks are the chief clues to understanding the geologic his-
tory of the Bay Area. We whack them with geologic hammers,
peer closely at them through a hand lens, take samples to deter-
mine how old they are, and make thin slices to study their chem-
istry under the microscope. Through the rocks we then put to-
gether the story of the history and landscape. In this book I share
with you what hundreds of geologic detectives have learned over
more than a century of study of Bay Area rocks.

Chapters 1, 2, and 3 provide some background information
on geologic processes, time, and rocks that is important to an 
understanding of the Bay Area landscape and geologic history.
The rest of the book covers the region geographically, counter-
clockwise, starting in Marin County. We start there because the
rocks in Marin provide a good introduction to the story of the
plate tectonic beginnings of the Bay Area. Each chapter starts
with the present landscape, then discusses the tectonic structure
of the area, its rocks, and history.

A word about what this book is not. First, it is not a guide to
particular sites, although I give many examples, especially from
parks and public open space, to illustrate the geology. Several
geologic field guides intended for the general reader are available,
and local geological associations publish field guides regularly,
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although most are for a technical audience. They are listed under
Further Reading. Second, this book is not the story of the devel-
opment of the Bay Area landscape over time, although I have
tried to give the reader a general sense of this story in each chap-
ter. That full reconstruction awaits another book.

Politically, the entity we call the Bay Area encompasses the
nine counties that touch the Bay: Alameda, Contra Costa, Marin,
Napa, San Francisco, San Mateo, Santa Clara, Solano, and
Sonoma. Geologically, the Bay Area, of course, is defined not by
political borders but rather by watersheds, faults, and rock types.
This book covers the nine counties and is divided into geo-
graphic sections that are partly bounded by the region’s natural
features. To a surprising extent the geology differs in each section,
and the divisions of the book would be similar even if political
boundaries were ignored. The western margin of the Bay Area is
the Pacific Ocean; the eastern is the Delta. Northern and south-
ern boundaries of the Bay Area are arbitrarily taken at county
lines, which is expedient but not entirely satisfactory. Now and
then we will cross a county line to look at interesting geology just
beyond it. And when we talk about San Francisco Bay, for exam-
ple, we really have to think as far east as the Sierra Nevada, the
source of most of the water that flows through the Bay Area.

This book is intended as a beginning for your exploration of
Bay Area geology. Of necessity it is brief and omits a great deal.
I hope it leaves you thirsting for more information. Among the
resources for further exploration of Bay Area geology given in
Further Reading, I want to point out two books that are classics of
Bay Area geology. One is the Geologic Guidebook of the San Fran-
cisco Bay Counties, published by the California Division of Mines
(now California Geological Survey) as Bulletin 154 in 1951. It is
valuable not just geologically but also historically. Although
some of the geologic interpretation is now out-of-date (it was
written before the development of plate tectonics), Bulletin 154
is mostly written in nontechnical language and is full of interest-
ing and unchanging information on landscape, fossils, and min-
erals. It is out of print, but if you see a copy in a secondhand
bookstore, snatch it up for a great deal of reading enjoyment and
some interesting field excursions. The other book is A Streetcar to
Subduction, by the late Clyde Wahrhaftig, one of the Bay Area’s
outstanding field geologists.Written in 1984, it presents plate tec-
tonic interpretations of Bay Area geology and field trips to key 
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locales. Several of the field sites are no longer available, but the
book will give you a valuable understanding of many fine sites.
Both of these books are excellent additions to a library of Bay
Area geology.

Where to Begin

You do not need much equipment to enjoy geology, but a 10-
power hand lens or other strong magnifying glass is a wonderful
thing to have along on your explorations. It allows you to see the
individual grains of beach sand in all their variety and crystals on
a rock that sparkle in the sun. You may enjoy taking along a geo-
logic map. The U.S. Geological Survey in Menlo Park has issued a
fine series of geologic maps that cover most of the Bay Area (see
Further Reading). For most exploration of Bay Area geology you
will not need that emblematic geologic tool, a rock hammer. Its
use is not permitted in parks and preserves, and unless one is very
conscientious, whatever rock is hammered is also defaced.

Understanding the geology of any area is an iterative experi-
ence, especially in areas as geologically rich as ours. Some geo-
logic processes are direct and easy to understand, such as the ac-
tion of waves along the coast. Others are complex and will require
repeated exploration and reading. Your efforts will be rewarded
by a deeper appreciation of the magnificent geologic landscapes
of the Bay Area.

A Note about Geologic Maps 
and Rock Names

The colors on geologic maps, such as map 2 and the maps that
accompany each regional chapter, indicate the type of rocks ex-
posed at the surface if you remove the cultural features. The col-
ors convey information about the age and composition of the
rocks. Relative age is given by their name or shown by the order
in which the rocks are listed in the legend: oldest at the bottom,
youngest at the top. Rocks of different composition are shown by
different colors. Geologists have developed a general color style
that is followed as much as possible in this book: granitic rocks are
pink; volcanic rocks are orange; very young sedimentary rocks are
light yellowish colors, and older ones are darker; the state rock,
serpentinite, and its associated rocks are purple; and so on.
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On most of the geologic maps in this book, the different rock
units are listed by age and composition, for example, Tertiary vol-
canic rocks. On more detailed maps, such as Map 8 of Point
Reyes, they are listed by name, for example, Millerton Formation.
Rocks of a similar age and geologic origin are grouped as a "for-
mation" and given a name that is usually based on a nearby geo-
graphic feature. For example, the Monterey Formation is a sedi-
mentary rock that is common on the Monterey Peninsula. A
group of rocks that differ in composition but are related in origin
is referred to as a “complex,” for example, the Franciscan Com-
plex, which consists of volcanic, sedimentary, and metamorphic
rocks formed and brought together by plate tectonic processes.
On the geologic maps, the most common Franciscan rocks, pil-
low basalt, graywacke, shale, and chert, are referred to as “Fran-
ciscan Complex coherent rocks” to distinguish them from the
ground-up rocks of the Franciscan mélange (see chapter 3).
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